Emulsion gels prepared with olive oil, chia, and cold gelling agents (transglutaminase, alginate, or gelatin) were used as fat replacers in reduced-fat frankfurter formulation. Nutritional advantages, sensory analysis, technological properties, and microbiological populations of frankfurters were evaluated along with their lipid structural characteristics over chilled storage. Frankfurters with emulsion gels showed significant improvements in fat content (lower saturated fatty acid, higher mono-and polyunsaturated fatty acid contents) and had good fat and water-binding properties. The presence of an emulsion gel reduced lightness and redness, but increased yellowness. Textural behavior of samples was significantly affected by the presence of emulsion gels and by storage. Sensory properties were not affected by the incorporation of emulsion gels, and all frankfurters were judged acceptable. Attenuated total reflectance-Fourier transform infrared spectroscopy results showed that samples with emulsion gels involve more lipid-protein interactions. Frankfurters with emulsion gels showed good stability to oxidation during storage and contained lower levels of microorganism than reduced-fat control at 85 days.
INTRODUCTION
Healthier lipid formulation based on processing strategies is one of the most important current approaches to partial replacement of meat fats by others (plant or animal) more in line with optimal health intake recommendations (Jime´nez-Colmenero, 2007) .
In this regard, researchers have been looking at oil stabilization and structuring methods as a means to improve the technological and organoleptic suitability of these systems for use as fat replacers in meat processing. Rather than replacing solid fats with liquid oils, modified or structured oils can be used to create a plastic fat that retains solid-like properties, and yet possesses a healthier fatty acid profile. These structuring methods include the creation of structured emulsions, interesterification, and organogelation (Zetzl et al., 2012) .
Structuring edible oils as emulsion gels could be a promising and unexplored alternative for practical application to the development of healthier lipid meat products. An emulsion gel is defined as an emulsion with a gel-like network structure and solid-like mechanical properties. The structural state of an oil-in-water (O/W) emulsion gel is a composite network based on the combination of aggregated emulsion droplets and cross-linked biopolymer molecules; this structural state determines its textural properties (Dickinson, 2013) . Our group (Pintado et al., in press) recently developed and characterized various healthy O/W emulsion gels formulated with olive oil and chia (Salvia hispanica L.) (flour or seed) and assayed various strategies for gelling the continuous phase. Their technological and structural characteristics and the nutritional properties of these emulsion gels (presence of olive oil and chia) make them especially suitable for use as animal fat replacers in the design and development of healthierfunctional foods, including meat products (Pintado et al., in press) .
Olive oil is the most monounsaturated vegetable oil and has a high biological value, attributed to a favorable mix of predominantly monounsaturated fatty acids (MUFAs) and naturally occurring antioxidants (vitamin E, vitamin K, carotenoids, and various polyphenols). It has health benefits, including improvement of major risk factors for cardiovascular disease (CVD) such as lipoprotein profile, blood pressure, glucose metabolism, and antithrombotic profile (Lo´pez-Miranda et al., 2006) . Chia has interesting technological and health-beneficial properties (Ayerza and Coates, 2011; Olivos-Lugo et al., 2010) . The technological properties include high water-holding capacity, water absorption capacity, and organic molecule absorption capacity, sufficient emulsifying activity to provide high emulsion stability (Olivos-Lugo et al., 2010) , as well as interesting gelling properties (Coorey et al., 2014) . Also, chia has been recommended for its lipid content (mainly its high a-linolenic fatty acids), proteins, antioxidants, and dietary fiber content, all of which have a major positive impact on human health (Ayerza and Coates, 2011; Olivos-Lugo et al., 2010) .
The aim of this experiment was to assess the suitability of emulsion gels containing olive oil and chia stabilized with various gelling agents (transglutaminase, alginate, and gelatin) for use as pork backfat replacers in reduced-fat (RF) frankfurter formulation. Potential nutritional advantages (fatty acid and mineral contents) were assessed and sensory analyses conducted. Technological properties (processing and purge losses, texture, color, and lipid oxidation), microbiological population, and structural characteristics of lipids (using attenuated total reflectance (ATR)-FTIR spectroscopy) of frankfurters were evaluated over storage (85 days at 2 C). Normal fat (NF) and RF content (allpork-fat) frankfurters were used as references. Frankfurters were prepared with sufficient fresh postrigor meat (mixture of biceps femoris, semimembranosus, semitendinosus, gracilis, and adductor muscles) (approximately 15 kg) and pork backfat (2 kg) purchased from a local market. The meat was trimmed of visible fat and connective tissue. Meat and backfat were passed through a grinder with a 0.6-cm plate (Van Dall SRL., Milano, Italy). Lots of approximately 1000 g were weighed and vacuum packed, frozen, and stored at À20 C until used.
MATERIALS AND METHODS

Materials
Other ingredients and additives were sodium chloride (Panreac Quı´mica S.A., Barcelona, Spain), sodium tripolyphosphate (Manuel Riesgo S.A., Madrid, Spain), sodium nitrite (Fulka Chemie GmbH, Buchs, Germany), and Favoring (Gewu¨rzmu¨ller, GmbH, Mu¨nchingen, Germany).
Preparation of olive chia O/W emulsion gels
Three different O/W emulsion gels were formulated and prepared (in duplicate) following the procedure reported by Pintado et al. (in press ). The three systems were formulated with water (41%), olive oil (52%), and chia flour (5%), and the following cold-gelling agents such as: (T) MTG (1%) and caseinate (1%); (A) sodium alginate (0.73%), CaSO 4 (0.73%) and pyrophosphate (0.54%); and (G) gelatin (2%). Each type of O/W emulsion gel was stored at 2 C for 24 h until frankfurter preparation.
Design and preparation of frankfurters
Frankfurters were prepared following the procedure reported by Jime´nez-Colmenero et al. (2010) . Five different frankfurters were formulated (Table 1) -two contained pork backfat (PF) (all animal fat), one with NF/PF and one with RF/PF content. Three RF frankfurters were prepared in which all the pork backfat was replace by the same proportion of the corresponding O/W emulsion gels (T, A, or G). All frankfurters formulations were prepared in duplicate.
Frankfurters were prepared in a Stephan Universal Machine UM5 (Stephan u. So¨hne GmbH and Co., Hameln, Germany) at 2 C. The meat batter was stuffed into 20 mm diameter Nojax cellulose casings (Viscase S.A., Bagnold Cedex, France). Samples were hand linked and heat processed in an Eller smokehouse (model Unimatic 1000, Micro 40, Eller, Merano, Italy). Frankfurters were then cooled (at room temperature), removed casings, vacuum packed in plastic bags (Cryovac Õ BB3050, Boi de Llobregat, Spain) and stored at 2 C (AE1 C). Analyses were carried out at 0, 14, 27, 36, and 85 days.
Proximate analysis and energy content
Moisture and ash contents of the frankfurters were determined (Association of Official Analytical Chemistry, 2005). Fat content was evaluated according to Bligh and Dyer (1959) . Protein content was measured in a LECO FP-2000 Nitrogen Determinator (Leco Corporation, St Joseph, MI, USA). All determinations were performed in triplicate.
Energy value was calculated on a basis of 9.1 kcal/g for fat and 4.1 kcal/g for protein and carbohydrates. Carbohydrates content were calculated taking into account the ingredient composition and formulation content.
Fatty acid composition
Fatty acid composition of the frankfurters was determined (in quintuplicate) by gas chromatography as reported by Lo´pez-Lo´pez et al. (2009a) . Results are expressed as milligrams of fatty acid per 100 g of product.
The atherogenic index (AI) and thrombogenic index (TI) were computed according to Ulbricht and Southgate (1991) as a ratio between some SFA and unsaturated fatty acids.
Mineral content
Mineral content was determined according to Lo´pez-Lo´pez et al. (2009a) . Briefly, samples were prepared by acid digestion and then minerals were quantified on ICP plasma spectrophotomoter (Perkin-Elmer, Model 4300 DV, Norwalk, Connecticut, USA).
Processing loss and purge loss
Processing loss of frankfurters was calculated in eight samples, as the weight loss (expressed as percentage of initial sample weight) occurring after heat processing and chilling overnight at 2 C.
Two vacuum packs per formulation were used to determine purge loss at each storage time. After the frankfurters were removed from the package, the surface exudate (tiny drops) was wiped off with paper towels and the frankfurters were weighed again. The purge loss was calculated by weight difference and expressed as a percentage of the initial weight.
pH and color measurement
The pH was determined using an 827 Metrohm pH-meter (MetrohmAG, Zofingen, Switzerland) at room temperature on homogenates of sample in distilled water in a ratio of 1:10 w/v. Four determinations were performed per sample. Color, CIE-LAB tristimulus values, lightness, L*; redness, a*; and yellowness, b* of frankfurter cross sections were immediately evaluated on a CR-400 Chroma Meter (Konica Minolta Business Technologies, Tokyo, Japan). Ten determinations were performed per formulation.
Lipid oxidation
Lipid oxidation was determined as a function of changes in thiobarbituric acid-reactive substances (TBARS) in triplicate for each sample (Serrano et al., 2006) . Briefly, the procedure was as follows, 5 g of each sample was homogenized for 30 s (Omnimixer homogenizer, Omni International, Waterbury CT, USA), to precipitate the protein, in 35 ml of 7.5% trichloroacetic acid. The blender sample was filtered (Whatman No. 1) and 5 ml of the supernatant was mixed with 5 ml of 20 mM thiobarbituric acid; finally, the solution was kept in the dark for 20 h at 20 AE 1.5 C. The pinkness that formed was measured spectrophotometrically (Shimadzu UV-1800 spectrophotometer, Shimadzu Corporation, Kyoto, Japan) at 532 nm. Results were expressed as milligrams Malondialdehyde (MDA)/kg of sample.
Textural profile analysis (TPA)
TPA was performed in a TA-XT.plus Texture Analyzer (Texture Technologies Corp., Scarsdale, NY, USA) as reported by Bourne (1978) . Six cores (diameter ¼ 20 mm, height ¼ 20 mm) of each sample were axially compressed to 40% of their original height. Force-time deformation curves were obtained with a 5-kg load cell, applied at a crosshead speed of 1 mm/s. Attributes calculated were hardness (N), cohesiveness (adimensional), springiness (mm), and chewiness (N*m).
Microbiological analyses
Samples were prepared in a vertical laminar-Fow cabinet (model AV 30/70, Telstar, Madrid, Spain). Microbiolicagl analysis of frankfurters was carried out by duplicate as follows: for each sample, 10 g was taken and placed in a sterile plastic bag (Sterilin, Stone, Staffordshire, UK) with 90 ml of peptone water (0.1%). After 1 min in a stomacher blender (Colworth 400, Seward, London, UK), appropriate decimal dilutions were pour plated on the following media: plate count agar (Merck, Germany) for total viable count (TVC) (30 C for 72 h); De Man, Rogosa, Sharp Agar (Merck, Germany) for lactic acid bacteria (LAB) (30 C for three to five days); and Violet RedBile Glucose Agar (Merck, Germany) for Enterobacteriaceae (30 C for 24 h). Results are expressed as logarithms of colonyforming units per gram (log cfu/g).
ATR-FTIR spectroscopy
Spectroscopic measurements. The infrared spectra of each sample were recorded using the Perkin-Elmer SpectrumTM 400 spectrometer (Perkin Elmer Inc., Madrid, Spain) in mid-infrared mode, equipped with an ATR sampling device containing diamond/ZnSe crystal. Twenty-five milligrams of each sample (with no previous sample preparation) was placed on the surface of the ATR crystal, and slightly pressed with a flattip plunger. Spectra were scanned in the wave number range of 4000-650 cm À1 , at a scan speed of 0.20 cm/s, and eight accumulations at a resolution of 4 cm À1 . Nine measurements were made per sample. A total of three sum spectra (72 accumulations) were analyzed by each type of frankfurter. A background spectrum was scanned under the same instrumental conditions before each series of measurements.
Data analysis
Spectra were acquired with Spectrum version 6.3.2 software and spectral data were treated with Grams/AI version 9.1 (Thermo Electron Corporation, Waltham, MA, USA) software.
To eliminate any spectral influence of the water in the frankfurter formulated with pork backfat (NF/PF and LF/PF) in the 3000-2800 cm À1 region, the spectral contribution of water was appropriately subtracted from sample spectra using the 2125 cm À1 association band of water as an internal intensity standard (Lavialle et al., 1982; Vincent et al., 1984) . In frankfurter formulated with emulsion gels (RF/T, RF/T, and RF/G), to avoid any spectral influence of the water and the other ingredients in each emulsion gel, the corresponding aqueous solution spectrum of these ingredients, except olive oil, was appropriately subtracted accordingly, again the 2125 cm À1 association band of water as an internal intensity standard (Lavialle et al., 1982; Vincent et al., 1984) . In addition, to avoid any spectral influence of proteins in this region, the resulting spectra of the frankfurters were then subtracted, using a subtraction factor to eliminate the amide II band so that the intensity maximum near 1545 cm À1 was not visible. The half bandwidths of the 2923 (n as CH 2 ) and 2854 (n s CH 2 ) cm À1 bands were measured in the resulting difference spectra.
Sensory evaluation
Frankfurters were assessed by a 10-member panel who regularly consume this kind of products. The panel was selected after preliminary training (two sessions) with the products and terminology. Samples (2.5 cm long) from each formulation were heated for 15 s in a microwave, and then immediately presented to panellists. Judges were instructed to evaluate texture and general acceptability (0 ¼ dislike extremely, 10 ¼ like extremely) on a hedonic scale rating test and to evaluate color and flavor (0 ¼ no characteristic, 10 ¼ characteristic) on a nonstructured descriptive scale with fixed extremes. Each point was later converted to a numerical scale. Sensory analysis was performed five days after the preparation of the frankfurters.
Statistical analysis
Means and standard deviations of data were obtained for all analysis performed. One-way analyses of variance (ANOVA) were performed to evaluate the statistical significance (p < 0.05) of the effect of frankfurter formulation for all analysis. In addition, two-way ANOVA as a function of formulation and storage time were carried out for purge loss, pH values, color parameters, lipid oxidation values, texture parameters, microorganism counts, and ATR-FTIR spectroscopy data. Least squares differences were used for comparison of mean values among formulations and Tukey's HSD (honest significant difference) test to identify significant differences (p < 0.05) between formulations and storage time. Statistical Package for the Social Sciences version 13.0 was used (SPSS inc. Chicago, Illinois, USA) for all evaluations.
RESULTS AND DISCUSSION
Proximate analysis and energy content
Proximate analysis of frankfurters showed some significant differences between formulations (Table 2) .
Protein content was close to the target level; all samples had similar (p > 0.05) protein contents irrespective of reformulation process, except for RF/PF. The proportion of ash was affected (p < 0.05) by formulation, although the differences were not quantitatively important, ranging between 3.21% and 3.48%. Moisture and fat contents were close to the target levels. Moisture content was lowest (p < 0.05) in NF/PF control samples and high in all RF samples irrespective of formulation (Table 2 ). In the case of the fat level, the opposite effect was observed. These results are consistent with the experimental design, which stipulated two fat levels-NF 24% and RF 14%-entailing a fat reduction of more than 40%. The lipid content in NF/PF and RF/PF samples came from lean pork meat and pork backfat (all pork fat), whereas in the other samples (RF/T, RF/A, RF/G), pork backfat had been replaced by emulsion gels containing olive oil and chia flour (Table 1) . These emulsion gel fat replacers contained around 52 g of olive oil and 1.6 g of chia oil per 100 g. According to the product formulation, then these frankfurters contained around 11% of vegetable oils (10.9% olive oil and 0.3% chia oil), accounting for approximately 80% of product fat content.
Energy contents were 286.6 kcal/100 g in NF/PF samples and between 195.46 and 196.77 kcal/100 g in RF samples (RF/PF and RF/T, RF/A, and RF/G) ( Table 2) , making for a reduction of energy content of roughly 30% in these reformulated samples.
Mineral content
Minerals are an important component in meat products for purposes of nutrition and health. In the NF/PF Food Science and Technology International 22 (2) control sample, the concentration of the different minerals (Table 2) was normal for products of a similar nature (Ayo et al., 2007) . In general, addition of emulsion gels increased the concentrations of Mg, Ca, and Mn. Generally, reformulation had no clear effect on the other minerals analyzed. Na content was around 1.0 g/ 100 g, close to the normal for this kind of products (Moreiras et al., 2013) , irrespective of the formulation process. The source of Mg, Mn, and particularly of Ca, minerals not typically found in meat products, could be the chia flour, which contains high concentrations of minerals, mainly calcium or magnesium (Capitani et al., 2012) . These minerals affect to varying extents the potential contribution of these products to achievement of recommended intakes of each one (Table 2) . Table 3 reports the fatty acid content of different samples. The frankfurters formulated with three types of emulsion gels (RF/T, RF/A, and RF/G) contained similar proportions and types of fat, so that the results were similar; the data reported are therefore the mean values of these samples. Fatty acid content varied with the formulation, as affected by fat level and the use of emulsion gels (containing olive oil and chia fluor) as pork backfat replacers. In all-pork-fat samples (NF/ PF and RF/PF), saturated fatty acids and MUFAs together accounted for 94% of the total fatty acids. As a result of fat reduction, the concentration of SFAs fell from 9.43 g/100 g (NF/PF) hasta 5.66 g/100 g in sample RF/PF. Concentrations of MUFAs and PUFAs, respectively likewise dropped, from 11.89 and 1.35 g/100 g in NF/PF and 7.02 and 0.97 g/100 g in RF/PF (Table 3) . Compared with all-pork-fat frankfurters, some differences were found in fatty acid concentrations in samples where pork backfat was replaced by emulsion gels. SFAs and MUFAs dropped to 89% (72% of these MUFAs), and PUFA concentrations fell to 11%. As compared with the control sample (NF/PF), the proportion of the SFA with the greatest atherogenic effect (palmitic and myristic) decreased to 40% and 44%, respectively (Table 3) in RF/PF samples. In samples with similar fat levels (RF/PF vs. RF/T, RF/A, and RF/G), the ones containing olive oil and chia flour contained less (p < 0.05) SFAs, and more (p < 0.05) MUFAs (9.48 g/100 g) and n-3 PUFAs (1.41 g/100 g). Of these, 300 mg was accounted for by linolenic acid (C18:3), the most common fatty acid in chia (Ayerza and Coates, 2011) . For all-pork-fat samples, the PUFA/SFA ratio ranged between 0.14 and 0.17 close to the ratios reported for pork products (Lo´pez-Lo´pez et al., 2011) . This ratio increased in sample containing olive oil and chia flour (Table 3) . Some scientific studies have suggested that a high n À 6/n À 3 PUFA ratio is associated with pathogenesis of numerous disorders, among them CVDs and cancer, while increasing n À 3 PUFA concentrations to reduce the n À 6/n À 3 PUFA ratio has a suppressive effect (Simopoulos, 2002) . For the prevention of CVD, the dietary recommendation is to reduce this ratio to <4. The ratios found in for all-porkfat samples in the present experiment (Table 3) diverged to some extent from the recommended values, the highest occurring in samples formulated with pork backfat (NF/PF and RF/PF). On the other hand, the n À 6/ n À 3 ratio in samples prepared with emulsion gels was up to four times lower. This effect would appear to be mainly due to an increase of n À 3 PUFAs, with concentrations in these samples around 10 times higher than in all-pork-samples (Table 3 ). The AI and the TI were greater (p < 0.05) in the all-animal-fat samples (NF/PF and RF/PF). These values were higher than reported elsewhere in all-pork-fat (NF and RF) frankfurters (Delgado-Pando et al., 2010; Salcedo-Sandoval et al., 2013) and lower than in RF frankfurters formulated with a healthier oil combination as fat replacer (Salcedo-Sandoval et al., 2013) .
Fatty acid composition
Processing loss and purge loss
Processing loss ranged between 9.19% and 10.62%. The lowest (p < 0.05) processing losses were found in NF/PF sample. When compared with RF samples, it was observed that samples formulated with pork backfat (RF/PF) had the highest (p < 0.05) processing loss. Nonsignificant differences were found between frankfurters with O/W emulsion gels (RF/T, RF/A, and RF/ G). Ranges of processing loss (including samples made with vegetable and marine oils) between 10% and 20% have been reported in frankfurters formulated with improved fat content (Lo´pez-Lo´pez et al., 2009b; Paneras and Bloukas, 1994) . Similar processing loss results have been reported in frankfurters prepared with O/W emulsions stabilized with proteins (soy protein, caseinate) and MTG .
Purge loss ranged from 0.84% to 2.54%, indicating good stability of the meat matrices (Table 4 ). RF samples generally registered the highest purge losses; these values remained constant (p > 0.05) during storage, except in samples containing gelatin in the emulsion gel (RF/G) (Table 4 ). In these RF/G frankfurters, there was a significant (if not quantitatively very important) increase of purge loss during chilled storage (Table 4 ). Purge loss values were similar to those reported elsewhere (Delgado-Pando et al., 2010; Salcedo-Sandoval et al., 2013) in frankfurters made with an olive oil emulsion and konjac gel containing olive oil as animal fat replacers.
pH determination pH values in frankfurters were between 6.38 and 6.44. There were some formulation-dependent differences which although significant were of no real practical importance (Table 4 ). Generally small pH changes (lower than 0.2 pH units) were observed in frankfurters as the effect of storage. It has been reported that pork backfat replacement by olive oil reduced the pH value of RF frankfurters (Lo´pez-Lo´pez et al., 2009a) . However, other authors have reported that pH was not affected by pork backfat replacement with vegetable oils (Ambrosiadis et al., 1996) or by an emulsified oil-stabilizing system used as an animal fat replacer in frankfurter reformulation (Delgado-Pando et al., 2010; Salcedo-Sandoval et al., 2013) .
Color measurement
Color parameters-lightness (L*), redness (a*), and yellowness (b*)-were significantly affected by formulation and chilled storage (Table 4) , possibly due to the differences in color between pork backfat and its replacers .
Lightness (L*) values were lower (p < 0.05) in RF samples, but with significant differences depending on fat reduction strategy. Lightness values were similar (p > 0.05) in samples prepared with emulsion gels as pork backfat replacer. Previous results indicated significant differences in L* values between the olive oil emulsion gels made with chia flour and cold gelling agent (MTG, alginate, and gelatin) used in this experiment (Pintado et al., in press ). However, these color differences seem to have been minimal in the frankfurters (Table 4 ). RF frankfurters reformulated with O/W emulsion gels (RF/T, RF/A, and RF/G) registered higher lightness than those formulated with pork backfat (RF/PF) (Table 4 ).
In all-pork-backfat samples, fat reduction increased (p < 0.05) redness and reduced yellowness (Table 4 ). On the other hand, the replacement of pork backfat with O/W emulsion gels reduced (p < 0.05) redness (a*) and increased yellowness (b*) (p < 0.05) (Table 4 ). This is possibly an effect of the difference in color between the pork backfat and the emulsion gels, which were more yellowish green due to the olive oil .
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These color results are consistent with reports to the effect that yellowness of cooked sausages was increased and redness reduced by when pork backfat was replaced by olive oil bulking agents based on polysaccharides such as alginate or by an O/W emulsion stabilized with proteins or by vegetable oils added directly Lo´pez-Lo´pez et al., 2009a) .
Although there were significant variations in some color parameters, chilled storage generally had little effect on them (Table 4 ). Other authors have reported similar findings (Bloukas and Paneras, 1993; Salcedo-Sandoval et al., 2013) .
Lipid oxidation
The rate and extent of lipid oxidation in samples were reduced irrespective of formulation and storage, with TBARS values ranging approximately between 0.06 and 0.2 mg MDA/kg product (Table 4) , which is well below the level of incipient rancidity (!1.0) (Ockerman, 1976) . The presence of chia and olive oil could be one of the causes of these lower TBARS values since they are known to have an antioxidant effect due to their tocopherol contents (Ixtaina et al., 2011; Lo´pez-Miranda et al., 2006; Reyes-Caudillo et al., 2008) .
TPA TPA showed that both the reduction of lipid content in the formulation of frankfurters and the replacement of animal fat by oil emulsion gels affected their textural properties ( Table 5 ). The lowest (p < 0.05) hardness values were recorded in RF frankfurter formulated with pork backfat (RF/PF) ( Table 5 ). It is known that when fat content is reduced by increasing the proportion of water while keeping the amount of protein essentially constant, the structure of RF systems becomes softer (Jime´nez-Colmenero et al., 1996) . RF frankfurters reformulated with O/W emulsion gels (RF/T, RF/A, and RF/G) registered higher hardness, cohesiveness, springiness, and chewiness than RF samples formulated with pork backfat (RF/PF) ( Table 5) . Given that the protein-moisture ratio and lipid content were similar in all RF frankfurters (Table 2) , the difference in textural behavior (Table 5 ) would appear to be due to the presence of the O/W emulsion gels. Previous research has shown that reformulation of cooked meat products with animal fat replacers such as O/W emulsions stabilized with nonmeat proteins and MTG or an oil bulking agent based on polysaccharides such as alginate or polysaccharide gels based on konjac glucomannan with or without oil (Lin and Huang, 2003; Salcedo-Sandoval et al., 2013) originated a product that was harder and chewier than a meat product control formulated with pork backfat. RF/T, RF/A, and RF/G samples showed similar textural behavior in terms of hardness, cohesiveness, spinginess, and chewiness (Table 5 ). Additionally, it was found that the samples containing alginate or gelatine in the chia emulsion gel (RF/A and RF/G) registered similar (p > 0.05) hardness to and even greater (p < 0.05) chewiness than NF/RF frankfurter. Previous data showed that an oil emulsion gel formulated with chia and alginate or gelatin was characterized by high gel strength (Pintado et al., in press ). This suggests that the higher gel strength observed in these O/W emulsion gels containing alginate or gelatin influenced the textural behavior of the frankfurters to which they were added. There was no clear trend associated with chilling storage and formulation (type of sample), but in general as storage progressed hardness, cohesiveness and chewiness increased (p < 0.05) in all samples. It is worth noting in this connection that previous experiments with O/W emulsion gels to the ones used in the present work registered an increase in gel strength during chilled storage (Pintado et al., in press ). In addition, other authors have reported similar textural behavior during chilled storage of frankfurters reformulated with vegetable and/or marine oils stabilized in an emulsion or in a konjac matrix gel as fat replacers (Salcedo-Sandoval et al., 2013) .
Microbiology
Microbial counts are shown in Table 6 . Initial levels of all the microorganisms studied were very low (<3 log cfu/g). In the case of Enterobacteriaceae, there were no significant differences between the samples, all registering levels below 1 log cfu/g. However, there was a significant formulation-dependent difference in the TVC and LAB. The control NF/PF and the samples reformulated with alginate (RF/A) registered the highest significant levels (>2 log cfu/g) of theses microorganisms. The effect of reformulation was also observed during chilled storage. At 27 days of storage, the levels of microorganisms (TVC and LAB) were higher (p < 0.05) in the reformulated samples. Even in the case of Enterobacteriaceae samples, RF/PF and RF/T registered higher levels. All the RF samples showed higher (p < 0.05) levels of Enterobacteriaceae than the NF sample at the end of storage. Fat reduction has been associated with high moisture content, which provides more propitious environment for bacterial growth (Andres et al., 2006; Ruiz-Capillas et al., 2007) . Other authors have also reported significant changes in microbiological populations as a consequence of reformulation (Delgado-Pando et al., 2012; Lo´pez-Lo´pez et al., 2009b) .
At the end of storage, the highest levels (7.63 log cfu/ g) of TVC and LAB (7.35 log cfu/g) were recorded in RF sample with pork backfat (RF/PF) and the lowest in the sample RF/G, 6.92 and 6.22 log cfu/g of TVC and LAB, respectively. Levels were similar (p > 0.05) to the sample with NF/PF. These results are very important in that they show that the samples reformulated with MTG, alginate, or gelatin, particularly the latter, contained lower levels of microorganisms than their control (with the same fat level-RF/PF). At 85 days of storage, in some cases, microorganism levels were around 6 log cfu/g, which should not pose any kind of risk to consumer health. Table 6 . Microorganism counts (log cfu/g) of frankfurters during chilled storage ATR-FTIR spectroscopy Figure 1 shows a representative ATR-FTIR spectrum in the 2960-2830 cm À1 region of low fat frankfurter formulated with pork backfat (RF/PF) and low fat frankfurter formulated with emulsion gel, in particular the ones containing MTG (RF/T). This infrared region is dominated by two strong bands resulting, respectively, from the asymmetric (n as CH 2 ) and the symmetric (n s CH 2 ) stretching vibrations of the acyl CH 2 groups, which was analyzed to examine the lipid structure (Guillen and Cabo, 1997) . In general, results showed that replacement of animal fat by chia emulsion gels produces a frequency upshift from 2918 cm À1 to 2923 cm À1 and from 2851 cm À1 to 2853 cm À1 (Figure 1) . The results also showed broadening (p < 0.05) of the 2918 cm À1 and 2851 cm À1 bands in going from pork backfat-formulated frankfurter (NF/PF 24.5 AE 0.5 c ; RF/PF 24.9 AE 0.5 c ) to frankfurter formulated with emulsion gels (RF/G 26.0 AE 0.4 b ; RF/A 26.4 AE 0.3 b ; RF/T 28.3 AE 0.3 a ) [different letters a, b, c indicate significant differences (p < 0.05)]. One possible explanation for this would be a diminishing of the conformational order of lipid acyl chains and an increase of their dynamics (Fraile et al., 1999; Herrero et al., 2011) . We can therefore assume that inter-and intramolecular lipid disorder was greater in samples containing chia emulsion gels as animal fat replacers, the disorder being more pronounced in frankfurter formulated with emulsion gels containing MTG. This would involve more lipid-protein interactions in these products . Previous studies on meat products in which olive oil bulking agents with alginate were used as animal fat replacers showed increased disorder in the oil acyl chains, which involve lipid-protein interactions (Herrero et al., 2014; Ruiz-Capillas et al., 2013) .
Chilled storage for up to 85 days produced no changes (p > 0.05) in frequency and half-bandwidth values of the n as CH 2 and n s CH 2 bands (data not shown), indicating no modification in acyl lipid chain order or lipid-protein interaction in any of the frankfurters during storage. Similar behavior was observed in a previous experiment on meat products formulated with an olive oil bulking agent containing alginate (Herrero et al., 2014; Ruiz-Capillas et al., 2013) .
There is no clear relationship between structural characteristics of the lipids in frankfurters formulated with emulsion gels and the technological properties studied. However, the lipid chain disorder or increased lipid-protein interactions observed in these samples could account for their small processing loss and their textural behavior (higher hardness, cohesiveness, springiness, and chewiness).
Sensory analysis
Sensory panel scores for frankfurters were affected by product formulation (Figure 2) . In all-pork-fat frankfurters, fat reduction had no effect (p > 0.05) on any of the sensory parameters evaluated. However, some differences were observed when emulsion gels were used as animal fat replacers in RF frankfurters. All frankfurters reformulated with emulsion gels (RF/T, RF/A, and RF/G) showed significant differences in color when compared with RF frankfurters formulated with pork backfat (RF/PF). Color scores in NF/PF samples formulated with pork backfat and reformulated samples formulated with an emulsion gel containing MTG (RF/ T) ( Figure 2) were similar (p > 0.05). Frankfurters made with pork backfat scored higher (p < 0.05) for flavor than the ones formulated with emulsion gels, while the panellist found no significant differences in texture of any of the samples. Reformulated RF samples made with O/W emulsion gels scored the same for general acceptability (p > 0.05) as NF samples formulated with pork backfat (Figure 2) . The RF frankfurters formulated with pork backfat scored the highest, but similar (p < 0.05) to NF/PF and RF sample prepared with alginate (RF/A) and gelatin (RF/G). There were no significant differences in color, flavor, texture, and general acceptability scores as a function of the O/W emulsion gel used as animal fat replacer (Figure 2) .
In general, the panellists considered that all products were satisfactory, awarding them all relatively high scores for general acceptability (Figure 2) . These findings are consistent with the reports by some authors who found no significant differences in overall acceptability when pork backfat was replaced by olive-O/W in frankfurters . In contrast, other authors have reported that RF frankfurters in which pork backfat was replaced with olive oil had lower overall palatability or acceptability than high-fat frankfurters made with pork backfat (Bloukas and Paneras, 1993; Pappa et al., 2000) .
CONCLUSIONS
The replacement of animal fat by emulsion containing gels chia and olive oil stabilized with cold gelling agents (transglutaminase, alginate, or gelatin) opens up new possibilities for incorporation of nutritional and healthy components in frequently consumed meat products such as frankfurters. When emulsion gels were used as fat replacers, the fat level was reduced to 40%, thus achieving a reduction of approximately 30% in energy input. These sausages could therefore be labeled with a ''reduced fat content'' claim (Reglament 2006) . The incorporation of these chia emulsion gels significantly improved fat content of frankfurters in line with nutritional recommendations in terms of low level of SFAs and high levels of MUFAs and n À 3 PUFAs. According to Reglament (2006) , these frankfurters could be labeled as a source of omega-3 fatty acids in addition to health claims under Reglament (2012) . Also, frankfurters reformulated with chia emulsion gels as fat replacers contain considerable amounts of some minerals such Table 1. as Mg, Mn, and Ca. Reformulation of frankfurters with chia emulsion gels involve more lipid-protein interactions. Although this reformulation strategy entailed changes in the characteristics of the products, they were found to have acceptable technological properties and sensory attributes.
Frankfurters with emulsion gels showed good stability to oxidation during storage and contained lower levels of microorganism than their sample RF counterpart. Generally, chilled storage had little effect on quality properties of frankfurters reformulated with chia emulsion gels. Additionally, chilled storage not produced modifications in lipid-protein interaction in any of the frankfurters during storage.
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